ABSTRACT
INTRODUCTION
Sertoli cells from mammalian testis are involved in development and maintenance of spermatogenesis, support and nourishment of germ cells [1] , and the synthesis and release of several proteins and a potassium-rich fluid into the lumen of seminiferous tubules [2] . The gonadotropin FSH elicits a number of morphological and biochemical events in Sertoli cells of immature animals by interactions with specific receptors coupled to adenylate cyclase and the kinase A pathway [3] . But other mechanisms for signal transduction may also be operative. For example, FSH induces changes in intracellular calcium levels [4] , but the mechanism or mechanisms responsible for these changes are not fully understood (for review, see [5] ).
Changes in intracellular calcium levels have been specified by techniques using 45 Ca and fura-2 [6, 7] . Increase in intracellular calcium by FSH involves a calcium influx probably through voltage-sensitive calcium channels, but these channels have not been directly demonstrated by electrophysiological techniques. Thus we performed whole-cell voltage-clamp experiments in control and FSH-stimulated Sertoli cells in primary cultures, under conditions in which cesium ions were substituted for K + in order to block potassium movements. 
Chemicals
Glutamic acid, Hepes, EGTA, ATP-magnesium salt, and guanosine 5'-trisphosphate (GTP)-sodium salt were purchased from Sigma; dimethyl sulfoxide (DMSO) from Merck, Rahway, NJ; cesium chloride and cesium hydroxide from Aldrich (Strasbourg, France); wconotoxine GVIA from Interchim (Montluqon, France); Bay K 8644 from Calbiochem (Meudon, France); isradipine from Sandoz (Suresnes, France); and ovine FSH (oFSH; NIAMDD ovine FSH-S16) from the National Institute of Arthritis, Metabolism and Digestive Diseases Rat Hormone Distribution Program. All drugs were directly dissolved in solutions except for Bay K 8644 and isradipine, which were dissolved in DMSO as a 1 mM stock solution and then added to the external medium at the final concentration of 10 M. Currents in control experiments were not altered by DMSO (1%).
Medium A was a Ca 2 +-and Mg 2 +-free modified Earle's solution containing (in mM): 116.3 Na + , 5.4 K + , 121.7 Cl-, 0.9 H 2 PO 4 -, and 5.5 glucose, supplemented with 53.5 mannitol and 20 Hepes and with streptomycin sulfate (100 mM) and penicillin G (100 IU/ml) (Serva, Heidelberg, Germany). The pH was adjusted to 7.4 and the osmolarity to 300 mOsmol by mannitol. The medium was sterilized by filtration through a 0.22-Rjm-pore filter (Millipore, Molsheim, France).
Preparation of Sertoli Cells
Experiments were performed on cultured Sertoli cells isolated in sterile conditions from 12-to 14-day-old Wistar rats. Animals, raised at constant temperature (20°C) under a 12L: 12D light cycle, were killed by decapitation, and testes were removed aseptically. After decapsulation, the parenchyma of 6-10 testes was submitted at 37°C to three consecutive enzymatic treatments by collagenase, then pancreatin, and then trypsin, according to a procedure modified from Verhoeven et al. [8] and routinely used in our laboratory for electrophysiological studies of immature Sertoli cells [9, 10] .
The interstitial tissue was separated from tubules by incubation with continuous shaking (90 cycles/min, 60 min) in 25 ml medium A, supplemented with 12.5 mg collagenase (Worthington Biochemical Corporation, Freehold, NJ; 159 U/mg). Tubules were then allowed to sediment for 5 min, and the supernatant was removed. Tubules were then resuspended in 10 ml of medium A and shaken by hand for 10 sec. The washing procedure was repeated three times. The tissue was minced with scissors and washed five times with 10 ml of medium A, then allowed to sediment for 5 min.
The second dissociation was carried out to detach peritubular cells, comprising myoid cells and fibroblasts em-bedded in a collagen network, from the tubular wall. This was performed under continuous shaking (90 cycles/min, 20 min) in 25 ml of medium A containing 12.5 mg of pancreatin (grade VI; Sigma Chemical Co., St. Louis, MO). The pancreatin solution was then discarded, and peritubular cells were separated from fragments of seminiferous tubules by gentle shaking in the presence of 10 ml of medium A (five times).
Fragments of seminiferous tubules free of peritubular cells were finally dissociated into aggregates of Sertoli and germinal cells by a third enzymatic incubation in 5 ml of a trypsin-EDTA mixture (Gibco, Paisley, Scotland; 0.5 g/100 ml), under continuous shaking at 90 cycles/min for 5 min. Cells were resuspended in 5 ml of medium A containing 0.5 mg of trypsin inhibitor (soybean-type IS; Sigma). The supernatant was discarded after centrifugation. Sedimented fragments were resuspended in 10 ml of medium A and passed about ten times through a syringe needle (17 gauge) at a slow rate. Cell suspension was adjusted to a volume of 5-7 ml with medium RPMI 1640 (Gibco, UK). Cell densities were measured in a hematocytometer. Cell viability was determined by trypan blue exclusion. Preparations containing more than 99% living cells were obtained.
Cell Culture
Final cell preparations were plated at low density in 35-mm plastic petri dishes (Nunclon, Nunc, Roskilde, Denmark). On the first day, 5 X 105 cells were suspended in 2 ml RPMI 1640 supplemented with 2 mM L-glutamine (Sigma), transferrin (0.005 mg/ml; Sigma), insulin (0.01 mg/ml; Sigma), BSA (1 mg/ml; Sigma), Hepes (10 mM; Sigma), and sodium bicarbonate (23 mM) and with streptomycin sulfate (10 mg/100 ml) and penicillin G (100 IU/ml). Culture dishes were incubated at 34 0 C for 2-6 days in a humidified CO 2 incubator (5% CO 2 :95% ambient air). From Day 2 on, the medium was renewed at 2-day intervals.
Electrophysiological experiments were assayed from Day 3 to Day 6 in Sertoli cells that were portions of dispersed groups of cells in the network attached to the plastic dish, after replacement of the culture medium with the bath solution (see below). All recordings were performed at room temperature (20-23°C) in control cells and in cells stimulated by ovine FSH 24 h prior to experiments.
Electrophysiology
Membrane currents were obtained by the whole-cell configuration of the patch-clamp technique [11] . Recording pipettes with resistances ranging from 2 to 4 Mf (tip diameter of about 1-2 jim) were pulled from borosilicate glass capillary tubing (GC150-TF10; Clark Electromedical Inst., Pangbourne, UK) using a two-step vertical electrode puller (type PP-82; Narishige, Tokyo, Japan). They were coated with Sylgard 184 (Dow Coming, Wiesbaden, Germany), fire polished, and connected to the head-stage of the amplifier (EPC-7; List Medical, Darmstadt, Germany) through an Ag/AgCI pellet. Seal resistances, largely the resistance of the connecting pathway between the inner surface of the pipette and the bath solution at the tip of the pipette when the cell membrane is sealed to the recording pipette, ranging from 3 to 30 Gil, were obtained.
Voltage-clamp signals, allowing the membrane potential to be held at different values, were applied and recorded with the resulting currents by means of a microcomputer equipped with an analog/digital-digital/analog conversion board (TM-40; Tekmar, Cincinnati, OH) and software (pClamp 5.5.1.; Axon Instruments, Foster City, CA). Cell membrane currents were low-pass filtered at 3.3 kHz, digitized on-line with the pClamp software after filtering (cutoff frequency 0.3 kHz). Pipette capacitances were electronically compensated in cell-attached mode (i.e., when the pipette was sealed to the cell, before the rupture of membrane in the tip of the pipette). Membrane capacitances (a parameter that is directly proportional to the cell surface) and series resistances (a combination of the cell membrane resistance and the access resistance, that is, the resistance between the pipette and the cytosol when the rupture of the cell membrane is effective) were measured in the wholecell mode by fitting capacitance currents, obtained in response to a hyperpolarization of 6 mV, with a first-order exponential, and by integrating the surface of the capacitance current. They were not compensated. Average series resistances and membrane capacitances for 19 cells were 11.1 1.3 Mfi and 14.2 + 1.1 pF, respectively. Current traces illustrating representative records, currentvoltage curves, and other data were drawn using software ( 
Solutions
Calcium and barium currents were recorded in K+-free solutions to suppress potassium currents, and in the presence of low-chloride pipette solutions to minimize inward currents through chloride channels. The bath solution consisted of (in mM) 160 NaC1, 10 CaC1 2 or BaC1 2 , 1 MgC1 2 , 5 Hepes/CsOH (pH 7.4). The pipette solution was (in mM) 74 CsCl, 56 cesium glutamate, 1 NaCl, 3 MgC1 2 , 10 EGTA, 3 ATP-Mg, and 10 Hepes/CsOH (pH 7.2).
Because the pipette and bath contained different solutions, a junction potential developed at the tip of the pipette that was corrected for as described by Fenwick et al. [12] . Junction potentials were measured by comparison of the zero current voltage in symmetrical solutions (in the above case with 74 mM CsCI and 56 mM cesium glutamate both in the pipette and in the bath) and after replacement of the bath solution with 160 mM NaCI. The corrected membrane potential value was the measured potential minus 10 mV.
Before each experiment, the petri dish was rinsed several times with the external solution to eliminate cells that were not attached to it. Test solutions were either added to culture dishes for the times specified in Results or were applied rapidly by directing a streamline flow from the opening of a plastic capillary (internal diameter 250 ,um) positioned in the bath near the cell of interest with a micromanipulator (Leitz, Wetzlar, Germany).
RESULTS

Morphology and Functional Integrity of Immature Sertoli Cells in Primary Cultures Used for Electrophysiological Studies
Conventional cultures of Sertoli cells on plastic petri dishes have been extensively developed for the study of cell structure and function and also for the study of FSH regulation of cellular metabolism and secretion [8, 13, 14] , although these cells present little resemblance to the highly polarized cells in vivo. Attempts have been made to improve the morphology of Sertoli cells and prolong their secretory activity in culture. These include the use of various types of reconstituted basal membranes and cell culture chambers with two compartments. In these systems, Sertoli cells are polarized, but they are organized in thick confluent layers and always have a dense structure. For these reasons, conventional primary cultures of Sertoli cells on plastic dishes were used to investigate cell currents by the whole-cell configuration of the patch-clamp technique.
Freshly dispersed Sertoli cells, obtained from testes of 12-to 14-day-old rats by the three-step enzymatic procedure described in Materials and Methods, were isolated or associated in small aggregates of 2 to 10 cells. When plated at low density on 35-mm plastic petri dishes in RPMI medium, cells progressively attached themselves to the plastic dish and flattened out. Two days later, cells cultured in the absence of FSH formed nonconfluent cultures that presented an "epithelial-like" appearance under phase-contrast microscopy [10] . Some rare cells remained isolated; the others mainly were in contact side by side in small, very dispersed groups of adjoining cells, or they formed small clusters of more tightly aggregated cells. These cells appeared poorly coupled, as judged by the low frequency of cell-to-cell spread of microinjected lucifer yellow (technique of microinjection of a fluorescent dye) and by the low value of the rate constant of dye transfer estimated by the technique of fluorescence recovery after photobleaching (gapFRAP technique) [10] .
Sertoli cells cultured for 1 day with 10 ng/ml oFSH underwent striking morphological changes and presented a rounded and thicker appearance, showed fine spinelike projections, and made contact with isolated cells. They organized into networks or clusters [10] . This conversion to a "fibroblast-like" morphology was also observed after dibutyryl cAMP stimulation but not after hCG treatment [10] . In these cells the frequency of cell-to-cell diffusion after microinjection and the rate constant of dye transfer were increased in a concentration-dependent manner by FSH [10] .
Interstitial tissue (comprising Leydig cells, macrophages, and fibroblasts) and peritubular cells (comprising myoid cells and fibroblasts embedded in a collagen network) were separated from seminiferous tubules by the three-step enzymatic treatment. Because cultures were performed in a serum-free RPMI medium, division and growth of remaining fibroblasts were greatly curtailed. Very few fibroblasts were therefore present in culture dishes. They were easily recognized by their low level of fluorescence in gapFRAP experiments and by morphological criteria under phasecontrast microscopy [10] . Some very rare Leydig cells and some germ cells were still present. They were easily recognized by morphological criteria under phase-contrast microscopy [15] and were not investigated. Their electrophysiological properties are very different from those defined in the present study [16] [17] [18] .
Although myoid cells were detached from seminiferous tubules by pancreatin treatment and were discarded by washing, some cells were susceptible to remaining in cultures. In this case, they were easily recognized by morphological criteria under phase-contrast microscopy. They were spindle shaped, did not make contact with other cells, and did not organize into networks. Moreover, because they are smooth muscle cells, these cells are excitable by depolarizations and have L-type calcium channels, properties that have never been recorded in this study on Sertoli cells.
Single cells used for patch-clamp experiments issued from nonconfluent cultures, showed an epithelial-like appearance, and were in contact with each other side by side in small, very dispersed groups of adjoining cells when cultured in the absence of FSH. They showed a rounded and thicker appearance, with fine spinelike projections, and made contact with other isolated cells when cultured for 24 h with 10 ng/ml oFSH. We observed that these cells responded specifically, in a dose-dependent manner, to chronic and acute exposures to FSH by characteristic morphological changes, increases in the membrane potential [9] , and increases in intercellular coupling [10] . Finally, a 100% typical response in current was recorded in a population of about 400 cells randomly chosen in 70 different cell cultures. Figure 1 illustrates typical membrane currents that were evoked by applications of depolarization from a holding Figure 1 . A) Steady-state current (leak current) is expressed as the difference between the zero current level (arrow in Fig. 1 ) and the current level at the end of pulses (dotted line in Figure 1 ). Maximum inward current (B) is expressed as the difference between the peak of inward current and the current level at the end of pulses (dotted line). Data are normalized with respect to the membrane capacitance and expressed as current densities (pA/pF). Means and SEM were obtained from 15 control and 10 FSH experiments.
Currents Elicited by Depolarizations
potential of -90 mV. In this example, the Sertoli cell was maintained in primary culture for 3 days and chronically stimulated with 10 ng/ml oFSH on the second day; but identical recordings were obtained in unstimulated (control) cells for periods of culture as long as 1 wk. No transient membrane current was recorded on stepping the voltage to -60 mV, while depolarizations to -50 mV evoked small inward currents (an inward current corresponds to an influx of positive ions through the cell membrane; this current is directed down) that gradually decreased (inactivated) during 250-msec voltage steps. When the membrane potential was stepped to either -40 or -30 mV, much larger inward currents were evoked that inactivated more rapidly.
Stepping the membrane voltage to less negative potentials resulted in a decrease in the amplitude of inward currents. For potentials above + 10 mV, no transient inward current was elicited.
Leak Current
In the absence of some depolarization, current traces that were recorded at the holding potential of -90 mV, after the rupture of the cell membrane and the establishment of the whole-cell configuration, demonstrated a steady inward component. The amplitude of this current, termed leak current, was given by the difference between the "zero current" (arrows in Fig. 1 ) and the current level at test potentials (dotted line). The leak current corresponds closely to the combination of currents that flow through the seal resistance and those that flow through membrane channels opened at the holding potential. At -90 mV, the current rapidly stabilized to levels varying from one cell to another and ranging from -20 to -100 pA. The amplitude of current progressively decreased when depolarizations were applied from -60 to +10 mV. Normalized values of current (i.e., the amplitude of current divided by the cell capacitance) measured at steady-state plotted vs. membrane potential varied linearly and reversed at -20 mV, close to El ( Fig. 2A, open circles) . These results and the fact that Erev followed Ecl (not shown) indicated that the leak current corresponded mainly to a chloride conductance that was activated at the holding potential. Properties of this leak current had not yet been examined in great detail at this point in this experiment. Figure 2B (open circles) illustrates the amplitude of the peak of transient inward current, expressed as the difference between the maximal inward current and the leak current, vs. the membrane potential. The relation indicates that the inward current began to increase (i.e., the current activated) from a membrane potential of -70 mV. When voltage pulses were made more positive, the amplitude of current increased to a maximum of -1.68 0.15 pA/pF, at -30 mV, in control cells (n = 15). Greater depolarizations elicited smaller inward currents that became nil at about +20 mV. The current was not modulated by ATP in the pipette, since same currents were recorded in the absence as in the presence of 3 mM ATP (not illustrated), and no time-dependent decrease in the current amplitude (termed run-down) was recorded in absence of ATE
Time-Dependent Calcium Current
Voltage Dependence for Current Activation and Inactivation
The current was not recorded in the absence of external calcium (Fig. 3) , showing that calcium ions were respon- sible for this current. In excitable cells, calcium currents are separated into T (transient) and L (long-lasting) types by their voltage dependence (a channel is voltage dependent when the mechanism of control of the protein is dependent on the membrane potential) [19, 20] . Therefore the steady-state inactivation was determined by using a doublepulse protocol. One-second conditioning pulses of depolarization to voltages varying from -90 to -30 mV were followed by 200-msec test pulses to -30 mV, at which the maximal current was obtained. Conditioning and test pulses were separated by a 10-msec return to the holding potential of -90 mV. k the slope factor. In control Sertoli cells (n = 7), the results showed that the current elicited at -30 mV was maximal when the prepulse voltage was more negative than -75 mV. It declined over a voltage range between -75 and -45 mV. In control cells (n = 7), the half-inactivation potential was -59.5 + 0.4 mV and the slope factor was -0.18 + 0.01.
The steady-state activation curve was estimated from the relative peak membrane conductance (Gca/Gcamax) [20, 21] as Gca = Ica/(Vm -Vrev), where ICa was the peak of current for the test potential and Vm and Vrev the apparent reversal potential. Data were well fitted with the simple Boltzmann function as described above. In control cells, the current began to activate at voltage more positive than -70 mV and activated fully at about -20 mV. The half-maximal activation potential was -41.5 + 0.1 mV (n = 15), and the slope factor was 0.21 0.01. Comparison between the dependence on voltage of current activation and inactivation showed that there was a voltage range where activation and inactivation curves overlapped, revealing a "window current." This was effective between -45 and -70 mV and maximal at about -50 mV. Such a voltage-dependent availability of calcium current corresponded to that generally observed for T-type calcium channels. This was confirmed when the holding potential was shifted from -90 mV to -50 mV. At this potential, L-type current activated while T-type current inactivated. For this potential, no inward current was evoked by depolarizations (Fig. 5) .
Lack of Effects of FSH on Inward Currents
In this part of the study we compared currents in FSHstimulated cells with currents in control cells. FSH was dissolved at 10 ng/ml in the culture medium for 1 day or was applied around the cell through acute exposure to 100 ng/ml for 1-5 min (not illustrated). As the rupture of the membrane in the pipette induced the loss of second messengers of the response to FSH and of metabolites, cells were filled through the recording pipette with a solution containing 3 mM ATP, in the absence or presence of 0.2 mM GTP, in order to activate G proteins, adenylate cyclase, and kinase A-dependent phosphorylations. Results are summarized in Figures 2 and 4 .
Despite these different conditions, amplitudes of leak current and of inward current were not modified by FSH (Fig. 2) ; the currents recorded at -30 mV slightly decreased from -1.68 + 0.15 pA/pF in control cells (n = 15) to -1.34 + 0.29 pA/pF in FSH-stimulated cells (n = 10, not significant). As in control cells, the current in FSHstimulated cells activated at voltage more positive than -70 mV and fully activated at about -20 mV (Fig. 4) . Halfinactivation potential (V0. In the next part of the study our aim was to define more precisely the type of calcium current in Sertoli cells by investigating its pharmacological properties. Since currents with similar properties were recorded in control and FSHstimulated cells, we experimented equally in FSH-stimulated and control cells. 
Comparison between Calcium and Barium Currents
Time-dependent inactivation of L-type current was suppressed and current amplitude increased when barium was substituted for calcium in the bathing solution. As shown in Figure 6 , replacement did not alter the amplitude or the time constant for inactivation of current elicited by depolarizations. In Figure 6B , the current-voltage relation shows that the maximal current amplitude was -0.86 0.25 pA/pF in calcium vs. -0.86 ± 0.27 pA/pF with barium as the charge carrier (n = 3), and that the threshold of activation was about -70 mV in the two conditions. The voltage dependence of steady-state inactivation was determined by a two-pulse protocol as indicated in the inset of Figure  4 . No difference was observed between Ca 2 + and Ba 2+ currents. Half-inactivation and the slope factor for activation were quite similar: -58.6 ± 3.7 mV and -0. 
Effect of Cobalt and Nickel
Cobalt and nickel block L-and T-type calcium current in many cells. Figure 7A , which is representative of three cells, shows that 1 mM Co 2 + strongly inhibited inward current elicited by depolarizations from a holding potential of -90 mV to -30 mV. Similar results were obtained in the presence of 10 M Ni 2+ (n = 3) (Fig. 7B) .
Effect of Isradipine
Antagonist dihydropyridines selectively inhibit L-type calcium currents [22] . Isradipine affects the L-type calcium . In Sertoli cells, the calcium current was insensitive to 10-6 M isradipine (not shown), but it was inhibited about 70% with 10 -5 M isradipine (n = 4) (Fig.  7C) .
Effect of Bay K 8644
The dihydropyridine Bay K 8644 is a Ca 2+ channel opener (an agonist dihydropyridine) with a specific action on L-type calcium current [23] . In Sertoli cells, 10 -5 M Bay K 8644 had no effect on inward current (n = 3) (Fig.   8 ).
Effects of wConotoxine GVIA
In neuronal cells, wconotoxine GVIA irreversibly blocks N-type Ca 2 + channels and, at higher concentrations, reduces both T and L components of Ica [24] . Figure 9A illustrates current traces evoked by a step of potential from -90 mV to -30 mV in controls and in the presence of 5.10 -6 M oconotoxine GVIA. Inhibition was 42. 4 10.6% for 5.10 -6 M (n = 3) (Fig. 9B) vs. 31.2 ± 4.7% for 10-6 M (n = 4) and 36. 3 4.2% for 10 -5 M (n = 4) (not significant). The effect was partially reversed by a return in the control solution (Fig. 9A, lower trace) .
DISCUSSION
The ability of FSH to induce changes in intracellular free calcium in Sertoli cells is well established [5] [6] [7] , although the mechanisms involved in the process are not well understood. The calcium-phospholipid-dependent pathway in cultured immature rat Sertoli cells is not activated by FSH [25, 26] , and effects of FSH on cytosolic calcium levels are dependent on an influx of calcium. The mechanism of this influx is presently controversial: a) FSH-induced uptake of calcium is directly [6] or indirectly [27] coupled to a hypothetical FSH-operated calcium channel and b) it has been demonstrated that FSH hormone and FSH receptors modulate Na+/Ca 2 + exchange [28] , c) bind calcium [29] , or d) activate calcium channels [6, 7] . Results with 4 5 Ca 2 + and fura-2 strongly suggest voltage-sensitive and voltage-independent calcium channels in freshly isolated [7] or cultured Sertoli cells [30] . But these channels have never been recorded by the patch-clamp technique. Thus we performed electrophysiological studies in Sertoli cells that exhibit a concentration-dependent responsiveness to FSH by morphological changes [10] , by increases in the membrane potential [9] , and by increases in diffusional coupling [10] modifications that are not reproduced by hCG, another glycoprotein hormone.
A transient inward current is recorded in cultured Sertoli cells. Since this current is suppressed in the absence of extracellular calcium, we claim that this cation is responsible for the inward current evoked by membrane depolarizations. We conclude that the current is not related to L-type channels because amplitudes and kinetics of inactivation are not modified when barium is substituted for calcium and also because the current is very sensitive to cobalt and nickel, has a low sensitivity to isradipine, and is insensitive to Bay K 8644. Moreover, because the current is reversibly inhibited by high concentrations of oconotoxine GVIA, we exclude N-type channels. In conclusion, the voltage dependence and the pharmacology of the current in cultured Sertoli cells are comparable to those of T-type current observed in excitable cells [31] . The present report thus provides the first demonstration of a voltage-sensitive mem- brane current carried by calcium flowing through the T-type channel in cultured Sertoli cells from 12-to 14-day-old rats.
In this study, experiments were limited to chronic FSH exposures of 1 day and to acute exposures of 1-5 min. In these conditions, the maximal amplitude and the activation and inactivation curves of inward current are not significantly different from those of control cells. Because the current was recorded in cells in the presence of internal ATP and in the absence or presence of GTP, we exclude the possibility that FSH controls T-type calcium channels directly (as FSH-operated channels) or indirectly (as G protein-operated or cAMP-kinase A-dependent channels). But since we used the whole-cell configuration of the patchclamp technique, and consequently the main messengers of the response to FSH disappeared from the cell cytoplasm, we do not presently exclude the possibility that FSH may control these channels through other messengers. However, because we [9] and others [32] have determined that FSH induces a concentration-dependent increase in the membrane potential, from about -20 mV in control cells to -40 mV in FSH-stimulated cells [9] , we also envisage that FSH may control the T-type channel activity by a mechanism of hyperpolarization that should set the membrane potential close to the window current.
